In the course of our screening program for new antibiotics that inhibit DNA synthesis1) two new antibiotics, dnacins A1and B1,* have been isolated from the fermentation broth of Nocardia sp. No.
C-14482.2) Dnacins A1and
B1 showed strong and broad antibacterial activities against Gram-positive and negative bacteria including Pseudomonas aerugiuosa. This paper deals with their isolation and characterization.
Isolation
An Hfr strain of Escherichia coli 1> and Proteus mirabilis were used as the assay organism for thinlayer chromatography (TLC) to monitor the isolation of dnacins A1 and B1 from the culture broth of Nocardia sp. No. C-14482.
Since both antibiotics have basic properties and relatively soluble in polar organic solvents and water, they were isolated by the usual methods for such products from the culture filtrate as shown in the Chart 1.
Firstly, antibiotic dnacin was adsorbed on a column of nonionic adsorption resin such as Diaion HP-10 and eluted with aqueous methanol or acetone. The eluate was concentrated to remove the organic solvent and the resulting aqueous solution was extracted with polar organic solvents such as i-butanol or n-butanol at pH 8.0. Dnacin was mainly extracted into the above organic solvent but the aqueous layer (F-II) still contained about one-third of the total activity. The organic layer (F-I) was reextracted with dilute acid and the aqueous layer was concentrated to remove organic solvent.
The aqueous concentrate was applied to a column of Diaion HP-10 and antibiotic was eluted with aqueous methanol.
The eluate was concentrated to 1/50 volume and repeatedly extracted with chloroform at pH 8.0.
The activity was transferred into aqueous layer from chloroform with 0.02 N HCl and the wine-colored aqueous solution was repeatedly back extracted with chloroform at pH 8.0. The chloroform extracts were combined and concentrated to deposit reddish brown crystalline B1, which was recrystallized from acetone-hexane to give pure dnacin B1. The mother liquor of crude B1 was evaporated to dryness to give a solid which consisted of many components and was applied to a column of Amberlite XAD-2 in 5 % aqueous methanol of pH 6.0.
The column was first developed with 5% aqueous methanol and then with 80% aqueous methanol.
From the first effluent was recovered crystalline B1 after extraction with chloroform at pH 8.0 and concentration of the extract. The eluate with 80% aqueous methanol was concentrated to remove methanol, extracted with chloroform and the extract was again evaporated to give a mixture consisting of dnacin A1and other The absorption maxima in visible spectra showed no remarkable shifts in alkaline conditions.
Both antibiotics also showed similar absorption bands in the IR spectra (Figs. 2 and 3) and characteristic Both antibiotics gave their leucobases by reduction with reducing agents such as Na2S2O4and ascorbic acid and the leucobases were readily reoxidized by air to restore original red colors. Dnacins A1 and B1 did not give any significant ion peaks in the E.I. mass spectra and the accurate molecular weights were not determined. However, molecular weights of dnacins A1 and B1 estimated by vapor pressure osmometry (V.P.O.) were 460 and 400, respectively.
Dnacin A1 was stable in weakly acidic solutions and relatively unstable in alkaline solutions, while dnacin B1 was slightly unstable even in weakly acidic solutions and very unstable in alkaline solutions.
Both components are observed as red or reddish pink spots on silica gel and cellulose TLC plates and their Rf values are summarized in Table 2 . Thin-layer chromatography (TLC) for monitoring the isolation of the antibiotics was performed on silica gel (Tokyo Kasei Co.) unless otherwise noted. Dnacins A1 and B1 are abbreviated as A1 and B1.
Isolation of dnacins Al and B1
The culture broth (5,250 liters, combined broth of four 2,000 liters tank fermentations) of Nocardia sp. No. C-14482 (N-1020)2) was adjusted to pH 5.0 with d.H2SO4 and filtered with Hyflo-Supercel (Johns-Manville Products, U.S.A.) as the filter aid to yield 6,020 liters of filtrate. The filtrate was applied to a column (560 liters) of Diaion HP-10 (Mitsubishi Chemicals, Japan), which was washed with 1,680 liters of water and eluted with 2,100 liters of 80% aqueous methanol. The eluate was concentrated under reduced pressure at pH 4.5-5.0 to remove methanol and the resulting aqueous solution (310 liters) was extracted three times with one-third of i-butanol. The combined i-butanol extracts contained almost two-thirds of the total activity, and were transferred twice with 0.005 N HCI into the aqueous layers. The combined aqueous extracts (390 liters) were adjusted to pH 4.5 and concentrated to remove the organic solvent. The resulting aqueous concentrate was passed through a column (100 liters) of Diaion HP-10, which was washed with water and eluted with 80%. aqueous methanol (395 liters).
The eluate was again concentrated to a small volume (8 liters) under reduced pressure at low temperature after adjustment to pH 4.5. The concentrate was extracted five times with one-third of chloroform and the combined extract was concentrated to a half volume (4 liters) and transferred twice with 0.02 N HCl (2 liters) into the aqueous layers. The aqueous solution was reextracted five times with chloroform at pH 8.0 and the combined organic extract was again concentrated to give crude reddish brown crystals of B1 (4.26 g). The mother liquor residue left a mixture of A1, B1 and other minor components which were detected by TLC. Crude crystals of B1 thus obtained were dissolved in methanol, evaporated to dryness and recrystallized from acetone-hexane to give pure crystals of B1 (1.58 g).
The mother liquor of crude B1 crystals was evaporated to dryness to afford a dark brown solid, which was dissolved in 5% aqueous methanol at pH 6.0 and applied to a column (1 liter) of Amberlite XAD-2 (Rohm & Haas Co., U.S.A.). The column was developed successively with 3 liters of aqueous methanol and 80% aqueous methanol. The first eluate was extracted five times with chloroform (I liter) at pH 8.0 and the combined and dried extract was concentrated to give reddish brown crystals (1.1 g) of B1, while the eluate with 80 % aqueous methanol was concentrated, extracted with chloroform at pH 8.0 and evaporated to afford a mixture (11.075 g) of A1 and other components.
The latter fraction was chromatographed on a column of silica gel (275 g, Merck, Germany) and elution was carried out successively with 2.4 liters of chloroform -methanol (50: 1), 2.4 liters of chloroform -methanol (25: 1), 1.8 liters of chloroform -methanol (3 : 1) and 1.8 liters of chloroform -methanol (1 : 1). A1 was eluted with chloroform -methanol (25: 1) and other components eluted later.
A1 fraction was concentrated to afford a crude powder of A1 (2.94 g) which was again applied to a column of silica gel (145 g, Merck). The column was developed successively with I liter of ethyl acetate -methanol (50 : 1), 1.6 liters of ethyl acetate -methanol (20 : 1) and 1.5 liters of ethyl acetatemethanol (5: 1), where 20-nil fractions were collected. Fractions containing A1 were combined and evaporated to afford a partially purified powder of A1 (1.059 g), which was subjected to preparative thin -layer chromatography (Merck HF2h4) with chloroform -methanol (9 : 1) as the solvent system. A essentially pure dark red powder of A1 (491 mg) thus obtained was crystallized from dichloromethanehexane to give reddish brown needles of dnacin A1 (160 mg).
The aqueous layer (F-11) in the extraction with i-butanol still contained smaller amounts of A1, B1 and other components and was concentrated at pH 4.5 to remove the remaining organic solvent. The resulting solution (169 liters) was passed through a column (240 liters) of Amberlite IRC-50 (H+), which was washed with water (720 liters) and then eluted with 0.2 N HCI (610 liters).
The eluate was adjusted to pH 6.0 with d.NaOH solution and applied to a column (100 liters)
of Diaion HP-10, which was washed with water (305 liters) and then eluted with 80%. aqueous methanol (380 liters). The eluate was adjusted to pH 4.5, concentrated to a small volume (8 liters) and extracted with chloroform (2.6 liters x 5) at pH 8.0. The antibiotics were transferred from the combined chloroform extract concentrated to a half volume (4 liters) into the aqueous layer by shaking with 0.01 N HCl (2 liters x2). The aqueous layer was reextracted five times with chloroform (2 liters) at pH 8.0 and the combined and dried extract was evaporated to give reddish brown crystals of B1 (2.0 g). The mother liquor residue (4.06 g) containing A1, B1, and other components was purified as in the case of the F-I fraction.
